The paper presents the results of a comprehensive major element, trace element, and Sr-Nd-PbHf isotopic study of Mid-Tertiary volcanic sequences from the northwestern flood basalt province in Ethiopia. The volcanic rocks studied range in composition from basanites, alkaline basalts, and ankaramites, which form the 1st three sequences at the base associated with basaltic agglomerate (sequence 1, 2 and 3) to transitional and tholeiitic basalts and picrites confined to the upper three sequences (sequences 4, 5 and 6). Sequence 5 is bimodal with intermediate-felsic pyroclastic rocks intercalating the transitional-tholeiitic basalts. There is a good correlation of sequences with geochemical enrichments, such as an increase La/Lu N with TiO 2 , and decrease in Al 2 O 3 and SiO 2 towards the base. The smooth increase of La/Lu N ratios in lower sequences reflect the general decrease of degree of partial melting that sampled heterogeneous packages of mantle plume materials. In the Sr-Nd isotopic diagram two clusters are formed one with restricted and low-Sr-(0.70356-0.70345) and Nd-(0.51290-0.51284) isotopic compositions, defined by sequence 1, and the other cluster with relatively higher Hf/ 177 Hf than other sequences with slight scatter. The systematic geochemical variations in lavas are remarkable and reflects three mantle end component mixing with minimal crustal in put as a fourth component. The enriched sequence 1 has very similar geochemistry to HIMU-type ocean island basalts (OIBs), and this end member ascribed to be the most enriched Afar plume component 1, which is the most enriched Afar Plume component during initial continental break. The second enriched component is defined by sequence 2 and 3 samples and may reflect the second enriched component in Ethiopian flood basalt, previously reported for the high-Ti2 basalts assumed to be the enriched Afar Plume component, whereas the third component is the depleted component defined by sequence 4 partly overlap the range previously reported for low-Ti basalts.
INTRODUCTION
The Mid-Tertiary (~30 Ma) Ethiopian continental flood basalts form part of the larger AfroArabian Igneous Province, which is related to the Afar plume and the Red Sea-Gulf of AdenEthiopian Rift triple junction. Maychew, the area, of present study ( Fig. 1) forms part of the high-Ti basalts of Ethiopian flood basalt province. Rocks here are composed of alkaline lavas (basanites, basalts, and ankaramites, with basaltic agglomerate) at the base, felsic volcanics in the middle, and transitional to tholeiitic mafic lavas at the top of the transitional sequence. Pik et al. (1998 Pik et al. ( , 1999 have classified the north-western Ethiopian flood basalts into three distinct geochemical groups based on trace element and Ti concentrations: low-Ti basalts (LT), high-Ti1 (HT1) basalts and high-Ti2 (HT2) basalts. They recognized a suite of 'low-Ti' (LT) basalts restricted to the northwestern part of the province ( Fig. 1 ) assumed to be derived from depleted mantle. They are characterized by relatively flat REE patterns and lower Ti and incompatible trace element concentrations. Alkali basalts found to the south and east of the province on the other hand show higher concentrations of incompatible elements and more fractionated REE patterns and related to the so-called 'high-Ti' basalts (HT1 and HT2).
In Western Ethiopian Plateau, up to 2 km thick predominantly mafic lavas with minor felsic pyroclastics ( Fig. 1 ) make up the northern part of the Ethiopian flood basalt sequence (e.g., Hoffman, 1997; Ayalew et al., 2002) and cover an area of ~ 106 km 3 (Rochette et al., 1998) . The
Maychew area is located in the northern eastern corner of the western Ethiopian plateau and covers an area of about 100 km 2 . At present there is no geochronological data available for Maychew lavas to verify the sequential variations, but the earlier K-Ar whole-rock age dating of basalts collected from 110 m and 140 m above base in Maychew area gave 26.2 Ma and 25.7 Ma (Jones, 1976) , respectively. However, such a young age compared to the current refined and (Nakamura et al., 2003) at Pheasant Memorial Laboratory of the Institute for study the earth's Interior, Okayama
University at Misasa. The large data set of the volcanics thus obtained is discussed in the paper in addition to geology and stratigraphic sequence of the flows.
STRATIGRAPHIC SEQUENCES, PETROGRAPHIC DESCRIPTION OF VOLCANICS OF MAYCHEW AREA
Geology of Maychew area covered in this paper includes many lithological units (Figs. 2 & 3) and the volcanic successions which reveal six cycles (referred as sequence, Kabeto et al., 2004) .
Out of six, four are related to mafic-agglomerate volcanism (exposed between 1800-2900 m a.s.l, sequences 1, 2, 3, and 4), in which basanites, and alkaline basalts and transitional ankaramites occupy the base (sequences 1, 2 and 3) followed by silica rich tholeiitic to transitional sequence 4. This is followed by sequence 5 of mafic-felsic volcanism (2900-3450 m) and that is covered Sandstone, indicating that the base of the sequence is not exposed (Figs. 2 & 3) . The sequences lack major unconformities; although intercalations of 10-20 cm thick paleosols are common in some sequences otherwise volcanism and depositions were continuous (Fig. 3) The last sequence forms tabular facies, in which flow units are about 12 m thick, alternate with braided lobes of pahoehe of ~1 to 3 m thick. The sequence 2 and 3 resemble the high-Ti2 and the other sequences (4, 5, and 6) might be considered as high-TiO 2 1 of Pik et al. (1998 Pik et al. ( , 1999 .
However, sequence 1 is described for the first time in the Ethiopian Plateau Geology (Kabeto et al., 2004 (Kabeto et al., , 2006 . There is systematic variation in the characteristics of the dominant volcanic Trachytic texture is common, and few samples contain microphenocryst of brownish clinopyroxene, Fe-Ti oxides, and olivine.
Sequence 5:
The sequence marks the bimodal volcanic activity in the northwestern Ethiopian flood basalt province (~2900-3450 m). The pyroclastic rocks consist of two lithotypes: greenish to yellowish-grey andesitic tephera and grey trachy-rhyolitic ignimbrite.
Greenish to grey varieties form the basal part of the pyroclastic flow deposits, whereas welded variety form the top part even grading to thinly banded rhyolite (20-35 cm) flows at the top of the ignimbrite layers (Fig. 2) . In between the basal andesitic tephera and the top ignimbrite and rhyolite flows, phyric to aphyric basalts and picrite-ankaramite occur (Fig. 2) . Greenish andesitic tephera variety predominates and they form crystal, rock, and glass fragments in glassy rarely devitrified and epidotized groundmass. The crystals are commonly plagioclase, aegirine-augite, and opaques possibly Fe-Ti oxides. In the ignimbrites, aegirine-augite and abundant sanidine with few opaque and anorthoclase, and rare rock fragments together form the fragmental part.
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Variably weathered and partly welded glassy ash forms the groundmass. Olivine rich ankaramite show intergranular texture consists of dominantly olivine, clinopyroxene, and plagioclase.
Samples taken from Aygi section is commonly olivine picrites, where olivine predominates over clinopyroxene and plagioclase, whereas from Tsibet mountain section (Figs. 2 & 3) , clinopyroxene and plagioclase predominate over olivine and at places range to olivine gabbro composition similar to sequence 3 ankaramites. The samples were analyzed for whole-rock major and trace elements, and Sr-, Nd-, Pb-, and Hfisotopic data at the Pheasant Memorial Laboratory (PML), Institute for study the earth's Interior, Okayama University at Misasa. A total of 89 whole-rock samples were crushed using jaw crusher to coarse chips of 3-5 mm size, from which fresh chips were carefully hand-picked. They were rinsed with deionized water in an ultrasonic bath at least three times, and then they were dried at 100 o C for 12 hours. The washed and dried chips were ground using an alumina puck mill. Major elements, Ni and Cr data were obtained using X-ray fluorescence spectrometer (XRF) (Phillips PW2400) on glass beads containing a lithium tetraborate flux (10 to 1 dilution of samples) (Takei, 2002) . Loss on ignition (LOI) was obtained gravimetrically. Trace elements were determined by isotope dilution (ID) and analyzed by inductively coupled plasma mass spectrometry (ICP-MS) using a Agilents 7500cs system fitted with a flow injection system (Makishima & Nakamura, 1997; Makishima et al., 1997 Makishima et al., , 1999 Yokoyama et al., 1999; Moriguti et al., 2004) . Isotopes data for Rb, Sr, Sm and Nd were generated for the samples selected for SrNd isotopic measurement, by isotope dilution thermal ionization mass spectrometry using a modified Finningan MAT261 instrument with NBS983 standard. Trace element concentrations in CaO-rich samples were measured by the Al-addition methods as suggested by Tanaka et al. (2007 & reference therein) . All of the major and trace elements analyses were duplicated for each sample, and replicate analyses had <0.5 relative % and 3-5 relative % difference, for major and trace elements, respectively.
The analytical procedures for chemical separation and mass spectrometry followed in the study are from Yoshikawa & Nakamura (1993) for Sr isotope measurements; Makishima & Nakamura (1991) for Nd; Kuritani & Nakamura (2002) for and Lu et al. (2007) for Hf. To remove the effect of secondary alterations (after petrographic examinations) all powders for Pb-and Hf-and some samples for Sr-Nd-isotopic measurements were leached with 6N HCl at 70 o C for about 9
hours, before acid digestions. (Makishima & Masuda, 1993) and are reported relative to long-term (over 2 years) laboratory averages. For
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Pb isotope measurements the correction of mass fractionation was carried out by the normal double spike method using a 207 Pb spike, as described by Kuritani & Nakamura (2003) .
The isotopic composition of NIST SRM981 Pb standard gave an average (n = 5) of 206 Hf of the JMC475 and JMC14374 Hf standards yield averages of 0.282150±6 (2σ, n=9) and 0.282187±8 (2σ, n=13), respectively during the course of analysis. All
Hf (Makishima et al., 1999) isotope data for the samples are, however, reported relative to 176 Hf/ 177 Hf of the JMC475 = 0.282160.
RESULTS AND DISCUSSION

Classification of the volcanic flows/sequences
According to the total alkali-SiO 2 classification diagram (Fig. 4) , mafic rock types range in composition from basanite, picrite-ankaramite, basalt to basalt-trachy-andesite. But transitional to sub-alkaline basalts predominate. In contrast with many continental flood basalts, the mafic rocks at Maychew area do not entirely show tholeiitic affinities and also do not fall in the basalt field (Fig. 4) . Based on the petrographic data and lithological assemblages the different mafic lavas are subdivided in to six sequences from base to top. General characteristics of the mafic rocks are illustrated in the total alkalis-silica (TAS) diagram (Fig. 4) .
The Maychew sequences have compositions that plot, with some exceptions, in the alkaline and sub-alkaline field, respectively. According to the proposed classification of Ethiopian flood basalts (Piccerillo et al., 1979) , the sequences 1 and 2 are alkaline in composition, whereas sequences 3 and 4 lavas have compositions that plot between alkaline (few) and sub-alkaline Smooth increase of (La/Lu) N ratios down the sequence reflect the general decrease of degree of partial melting of heterogeneous packages of mantle materials.
The systematic
• The enriched sequence 1 has very similar geochemistry to HIMU-type ocean island basalts, and this ascribed as end member t the ost enriched Afar plume component 1 involved in the initial continental break-up.
• The second enriched component is defined on the basis of the geochemistry of the samples from sequences 2 & 3 which reflect ponent in Ethiopian previously described as high-Ti2 basalts assumed to be the Afar Plume component.
• The third component would be the depleted one as defined by samples from sequence 4, al., 1999 The forth component is crustal signature (Fig. 8d) 
